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PASSIVE MOLD COOLING AND HEATING METHOD AND SYSTEM 


Abstract of the Disclosure 

A mold for molding articles of plastic or other 
like materials, having a plurality of vertically extending 
internal passages, is connected by inlet and return conduits 
into a closed loop that includes a heat exchanger partially 
filled with a liquid supply of a cooling fluid or a heating 
fluid. For cooling the heat exchanger is positioned with its 
liquid level above the top of the mold, the inlet conduit 
connects the lower part of the heat exchanger, below the 
liquid level, to the lower ends of the mold passages, and the 
return conduit connects the upper ends of the mold passages 
to the upper part of the heat exchanger; for heating these 
relationships are reversed. In operation the fluid changes 
its physical state at critical points in the mold passages, 
going from liquid to vapor for cooling and from vapor to 
liquid for heating; circulation in the closed loop is in 
response to the effect of gravity. Operation of the heat 
exchanger is controlled to maintain a controlled pressure in 
the closed loop. 
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Background of the Invention . 

In the molding of articles of plastic and other 
like materials, as in injection molding, blow molding, 
rotational molding, compression molding, reaction injection 
molding and other processes, efficient operation of the 
molding process depends upon effective control of thermal 
conditions in the mold. Thus, in many plastic molding 
processes relatively rapid cooling of the mold to a 
temperature at which the molded article can be removed 
without distortion is a critical part of the process. In 
other plastic molding procedures, on the other hand, it is 
necessary to heat the mold in a rapid and controlled manner 
to achieve acceptable efficiency levels. If the techniques 
employed for cooling (or heating) of the molding apparatus 
are too slow, the molding equipment must be slowed down to a 
speed that is economically undesirable. On the other hand, 
excessively rapid thermal changes in the mold may lead to 
poor quality in the molded articles. 

In those molding processes in which the molded 
article must be cooled in the mold prior to removal, it has 
been conventional practice to provide a series of passages 
for passing a cooling liquid through the mold, at least some 
of the cooling passages being located quite close to the mold 
cavity or cavities. Chilled water or other cooling liquid 
circulated through these mold passages cools the mold and the 
molded article so that the article can be removed from the 
mold without distortion. This procedure is inherently 
somewhat inefficient because a large volume of cooling liquid 
must be circulated through the mold to achieve the desired 
cooling. This conventional procedure is also rather 
difficult to control so as to achieve a maximum cooling rate 
without cooling the mold too much, which may interfere with 
efficient operation of the mold in the next cycle. Moreover, 
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the conventional cooling technique is inherently 
non-selective; most of the mold is cooled, but it is far more 
desirable to concentrate cooling in that portion of the mold 
immediately adjacent to the mold cavity. In those processes 
that require heating of a mold the same basic techniques are 
conventionally employed, except that the circulated fluid is 
a hot liquid. The same problems are presented. 

Summary of the Invention 
10 The present invention relates to a new and improved 

passive method and system for cooling or heating a mold used 
in molding articles of plastic or other like materials 
without pumping large quantities of liquid through passages 
in the mold for this purpose; the method and system utilize 
the latent heat of vaporization (or condensation) of a heat 
> transfer fluid for improved efficiency and achieve 

circulation through passages in the mold and through the 
balance of the system in response to the effect of gravity. 

It is a principal object of the present invention, 
20 therefore, to provide a new and improved passive mold cooling 
and heating method and system in which efficient and 
selective heat transfer is obtained, within a mold for the 
molding of articles from plastic or like materials, by 
utilizing the latent heat of vaporization or condensation of 
a heat transfer fluid circulated through internal passages in 
the mold by gravitational effects, without requiring pumping 
of large volumes of liquid through the mold. 

A related object of the invention is to provide a 
new and improved passive mold cooling and heating method and 
30 system that are simple and economical yet highly reliable in 
operation and that can be controlled to optimize the molding 
process. 
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Accordingly , the invention relates to a method of 
modifying the temperatiire of a mold for molding articles of 
plastic or like materials, the mold including a plurality of 
vertically extending internal p assag es for a heat transfer 
fluid, the method comprising: 

A. connecting the internal passages of the mold 
into a closed loop with a heat exchan ger, the relative 
elevations of the mold and the heat exchanger being such that 
a heat transfer fluid tends to flow from the mold passages to 

10 the heat exchanger in response to the effect of gravity when 
the fluid is in a given physical state; 

B. filling the closed loop, including the mold 
passages and the heat exchanger, with a heat transfer fluid 
that changes from an initial physical state to the given 
physical state in response to thermal conditions occurring in 
critical portions of the mold passages during operation of 
the mold, the fluid in the mold passages being in the initial 
physical state and the Jieat ^ex changer containj^ng^ fTu^^ 

both physical states when filling is completed; and 
20 C. controlling operation of the heat exchanger to 

maintain a controlled pressure in the closed loop and to 
change fluid in the heat exchanger from the given physical 
state back to the initial physical state at approximately the 
same rate as the fluid flows from the mold to the heat 
exchanger. 

In one specific aspect, the invention relates to a 
passive cooling system for cooling a mold for molding 
articles of plastic or like material without ^substantial 
pumping, the mold including a plurality of vertically 
30 extending internal passages for passing a cooling fluid 

through the mold. The cooling system comprises a condenser 
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heat exchanger partially filled with a supply of cooling 
fluid in a liquid state, the cooling fluid constituting a 
fluid which changes from its liquid state to its vapor state 
in response to temperatures occurring in critical portions of 
the mold passages during operation of the mold, and the heat 
exchanger being positioned so that the upper level of liquid 
in the heat exchanger is approximately at or above the top of 
the mold. An inlet conduit connects the heat exchanger, from 
a point below the upper level of the fluid, to the 1( ^^ r J^ 0£5t 
ends of the mold passages, and a return conduit connects the 
upper ends of the mold passages back to the heat exchanger? 
the heat exchanger, the mold passages, and the^ inlet and 
return conduits constitute a closed loop. The system further 
comprises control means for controlling o perati on of the hea t 
exchanger to mai ntain a contr olled pressure in the loo p while 
condensing vaporized fluid back to its liquid state as the 
fluid returns from the mold to the heat exchanger. 

In another specific aspect, the invention relates 
to a passive heating system for heating a mold for molding 
articles of plastic or like material without substantial 
pumping, the mold including a plurality of vertically 
extending internal passages for passing a heating fluid 
through the mold. The heating system comprises an evaporator 
heat exchanger partially filled with a supply of heating 
fluid in a liquid state, the heating fluid constituting a 
fluid which changes from its vapor state to its liquid state 
in response to temperatures occurring in critical portions of 
the mold passages during operation of the mold, and the heaj^ 
exchanger being pos itioned so that the upper level o f liquid 
fluid in the heat exchanger is appr oximately at or below the 
bottom of the mold. An inlet conduit connects the heat 
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exchanger, from a point above the upper level of the fluid, 
to the upper ends of the mold .passages , and a return conduit 
connects the lower ends of the mold passages back to the heat 
exchanger; the heat exchanger, the mold passages, and the 
inlet and return conduits constitutw a closed loop. The 
system further comprises means for controlling operation of 
the heat exchanger to vaporize fluid from the liquid supply 
in the heat exchanger to maintain the conduits and the mold 
passages filled with vapor at a controlled pressure. 


Brief Description of the Drawings 

Fig. 1 is a schematic illustration of a passive 
mold cooling system constructed in accordance with one 
embodiment of the invention; 

Fig, 2 is a graph showing pressure variations 
employed in one mode of operation of the system of Fig. 1; 
and 

Fig. 3 is a schematic illustration of a passive 
mold heating system constructed in accordance with another 
20 embodiment of the invention. 

Description of the Preferred Embodiments 

Fig. 1 is a schematic illustration of a passive 
cooling system 10 for cooling a mold 11 employed to mold 
articles of plastic or like material in a molding process 
that requires cooling of the molded article prior to its 
removal from mold 11. Mold 1 1 , in the illustrated system, is 
of the general kind used in injection molding machines and 
similar equipment. It comprises a fixed mold half 12 and a 
30 removable mold half 13, the parting line of the mold being 
generally indicated by the phantom line 14. The mechanism 
for moving mold half 13 into and out of the illustrated 
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closed position, which operates in accordance witp a predet 
ermined mold timing cycle-, is generally illustrated by a 
piston rod 15. The arrows A show the direction of movement 
for mold half 13. 

In the center of mold 11 there is a mold cavity 16, a part of 

cavity 16 being formed in each of the mold halves 
12 and 13. A fill passage 17 in mold 11 permits the feeding 
of raw plastic or like material into mold cavity 16. The 
fixed mold half 12 is provided with a plurality of internal 
passages 18 that extend through this half of mold 1 1 in a 
vertical direction (only one passage 18 is shown). 
Similarly, the movable mold half 13 includes a plurality of 
vertically extending internal passages 19, only one passage 
19 being illustrated. In both mold halves, the internal 
passages 18 and 19 pass quite close to mold cavity 16. 

It will be recognized that the illustration of mold 
11 has been substantially simplified. Mold 11 may include a 
plurality of mold cavities 16, which may all be of the same 
shape or may be of differing configurations. For purposes of 
the present invention, passages 18 and 19 must extend 
generally vertically through mold 11, but they need not have 
the illustrated configuration; sharper bends in these 
passages are permissible. The simple fill passage 17 may be 
much more complex in configuration. 

Cooling system 10 further comprises a heat 
exchanger 20, which in this instance is employed as a 
condenser. Heat exchanger 20 includes an internal coil 21 
having an inlet 22 and an outlet 23. Coil 21 is connected to 
a cooling source 24, shown as a conventional refrigeration 
30 system. Thus, in simplified form, cooling source 24 is shown 
as comprising a compressor 25, a condenser 26, and an 
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expansion valve 27* Expansion valve 27 is connected to the 
inlet 22 of coil 21 and the outlet 23 of coil 21 is returned 
to compressor 25. The arrows B indicate the direction of 
flow of refrigerant through the closed system comprising coil 
21 and refrigerating apparatus 24. Other cooling systems may 
be substituted for the illustrated refrigeration apparatus of 
cooling source 24. 

In system 10, condenser 20 is partially filled with 
a supply of cooling fluid in its liquid state. The cooling 
fluid 30 may be water, usually with some additives to prevent 
rust, etc.; the use of water is assumed in the following 
description of system 10. On the other hand, the heat 
transfer fluid 30 may also constitute a conventional 
refrigerant such as the commercially available R-12, R-22, or 
R-114 Freon refrigerants. Heat exchanger 20 should be 
positioned with the upper level 31 of the liquid coolant 
supply 30 approximately at and preferably above the top of 
mold 1 1 , for reasons to be made apparent in the operational 
description of system 10. An inlet conduit 32 connects heat 
exchanger 20 to the lower ends of the passages 18 and 19 
through mold 11. At condenser 20, the connection for inlet 
conduit 32 should be made at a point well below the upper 
level 31 of the supply of cooling liquid 30 in the heat 
exchanger. A valve 33 may be interposed in inlet conduit 32 
and a pump 34 may be connected in parallel with valve 33. 

A return conduit 35 connects the upper ends of mold 
passages 18 and 19 back to heat exchanger 20. At the heat 
exchanger end, the connection from return conduit 35 is made 
at a point above the upper level 31 of the cooling liquid. 
Mold passages 18 and 19, heat exchanger 20, inlet conduit 32, 
and return conduit 35 constitute a closed loop; this loop 
should be effectively sealed to permit control of pressure 
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w ithin the loop. . 

A vent conduit 36 connects the top of heat 
exchanger 20 to a vacuum pump 37. Pump 37 is shown with an 
external connection 38 to the atmosphere, an arrangement that 
is quite suitable when water is used as the cooling fluid 30. 
The top of heat exchanger 20 is also connected to the 
atmosphere through another conduit 39 that includes a 
solenoid actuated valve 41. 

A pressure sensor 42 is incorporated in system 10 
10 to sense the internal pressure in the closed loop system 

comprising heat exchanger 20 , mold passages 18 and 19, and 
conduits 32 and 35. In Pig. 1 pressure sensor 42 is shown 
connected to the top of heat exchanger 20, but it could 
be connected to return conduit 35 or to some other point in 
the loop. Pressure sensor 42 is connected to an electrical 
controller 43 that is electrically connected to pump 37. *J<j 
Controller 43 also has an electrical connection to valve 41. ^j. 
In many systems, it is also desirable to provide a third — 
control connection from controller 43 to refrigerating ^ Js\ ^TJ 
20 apparatus 24. -ts^JLp-. 6^ 

Before starting operation/ the passive mold cooling 
system 10 is connected as shown in Fig. 1 and heat exchanger 
20 is partially filled with the heat transfer fluid 30, to 
level 31. For present purposes it is assumed that the heat 
transfer liquid is water. With valve 33 open, a limited 
quantity of the water flows through inlet conduit 32 and up 
into passages 18 and 19 in mold 11. To assure complete 
filling of the mold passages and conduits 32 and 35 with the 
heat transfer liquid, however, valve 33 is closed and pump 34 
30 is actuated to pump the cooling liquid through the closed 
loop as indicated by the arrows C and D. This is also 
effective to purge the closed loop system of any entrapped 
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air. Once the closed loop has been purged and filled with 
cooling liquid 30, pump 34 may be shut off and valve 33 
opened. 

The operation of system 10 is based on utilization 
of the latent heat of vaporization of the cooling liquid 30 
(water). It is also intended to provide maximum cooling on a 
selective basis at critical portions of the mold passages 18 
and 19, the portions 1 8A and 19A of those passages most 
closely adjacent to mold cavity 16. For efficient operation, 

10 it is desirable to exercise control over the flash 

temperature of the cooling liquid. This is accomplished by 
adjusting the pressure within heat exchanger 20 to a 
predetermined level; that pressure may then be j nai ntained 
relatively constan t during operation of system 10 . Assuming 
that the desired pressure within the closed loop system is 
below atmospheric, to afford a flash temperature below 212° 
F., pressure sensor 42 and controller 43 actuate pump 37 to 
pump air out of heat exchanger 20 until the desired pressure 
is attained. For any overshoot below the desired pressure, 

20 pressure sensor 4 2 and controller 43 react to shut off pump 
37 and open valve 41 until the desired pressure level is 
reached. 

Thereafter, in general, there may be no pumping of 
cooling liquid in the operation of system 10. When mold 11 
is closed by operation of piston 15 and heated plastic is 
injected into mold cavity 16 through fill passage 17, the 
walls of the mold cavity are heated and this heat is 
conducted to the closely adjacent critical portions 1 8A and 
19A of the mold cooling passages. The hot critical portions 
30 18A and 1 9A of the mold passages vaporize the water. This 
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produces rapid cooling at the hottest points in mold 11 
without undue cooling of other portions of the mold. Heat 
absorption is highly efficient, due to the utilization of the 
latent heat of vaporization of the cooling fluid. The 
vaporized cooling fluid (steam) rises through passages 18 and 
19 and passes through return conduit 35 to bubble up through 
the liquid coolant supply 30 i n h eat exchanger 20 . The 
refrigerating apparatus 24 circulates refrigerant through 
coil 21, continuously condensing the vaporized cooling fluid 
30 back to its liquid state. 

During operation of system 10, the pressure and 
temperature of the cooling liquid 30 are continuously 
regulated; in some systems, pressure control may be adequate. 
Thus, the control comprising pressure sensor 42 and 
controller 43 may actuate pump 37 and valve 41 to maintain 
the pressure within heat exchanger 20, and in the complete 
closed loop of which the heat exchanger 20 is a part, at a 
constant level. On the other hand, a similar control may be 
exercised by regulation of the operation of refrigerating 
apparatus 24, controlling the rate of cooling for condenser 
20. In some systems, it may be desirable to employ both 
control techniques conjointly. 

Completely passive operation of system 10, as 
described, may be highly effective and efficient. In some 
instances, however, the rate of movement of vaporized cooling 
fluid upwardly through passages 18 and 19 and conduit 35 due 
to the effect of gravity may be inadequate so that there is a 
tendency for vapor bubbles to accumulate in the mold passages 
In these circumstances, it may be desirable to operate pump 
34 at a low level to provide a slow circulation of liquid 
through the closed loop as indicated by arrows C and D, 
thereby assuring effective transfer of heat from the critical 
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portions 1 8A and 1 9A of the. moid passages to condenser 20, 
In system 10/ virtually no cooling action takes 
place below the vaporization temperature of the cooling fluid 
30. Thus, if the cooling fluid is water and the pressure in 
the system is nominal atmospheric, system 10 will not cool 
mold 11 below 212°F. This is of substantial advantage in 
preventing undue cooling of the mold, a common problem in 
conventional cooling systems. The cooling effect is quite 
selective, with the vaporization of the cooling liquid taking 
10 place almost entirely in those portions 1 8A and 1 9A of the 
mold passages that are immediately adjacent to mold cavity 
16. This materially reduces the inefficiency associated with 
excessive transfer of heat from other portions of mold 11 to 
condenser 20. 

In the foregoing description of the operation of 
system 10 (Fig. 1) it is assumed that the pressure in the 
closed loop formed by elements 20, 32, 18 and 19, and 35 is 
held constant. For some systems, that mode of operation may 
not produce optimum results. For further improvement in the 
20 operation and to obtain high quality molded articles with a 
minimum molding cycle, in at least some systems it may be 
desirable to reduce the pressure, cyclically/ in the closed 
loop during the critical portion of the molding cycle when 
the mold has closed and hot plastic is introduced into the 
mold, in order to accelerate" vaporization of the heat- 
transfer fluid and cooling of the critical portions 1 8A and 
19A of the mold passages. 

This mode of operation can best be understood by 
reference to Fig. 2, in which loop pressure is plotted as a 
30 function of molding cycle time. In Fig. 2, point X in each 
mold cycle indicates the time that the mold is closed and 
filling of the mold cavity with hot plastic commences. Point 
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20 


30 


Y in each mold cycle -represents the time that the mold begins 
to open. 

Shortly before time X in each mold cycle (Fig. 2), 
controller 43 actuates pump 37 to effect a substantial 
reduction in the pressure in heat exchanger 20, and hence in 
the closed loop including the mold cooling passages 18 and 
19. This initiates vaporization within the mold (during 
operation, the mold is hotter than any other part of the 
closed loop system). This produces an appreciable 
temperature differential between the critical mold passage 
portions 18A, 19A and the mold cavity 16 immediately prior to 
filling of the mold. Shortly before the mold opens (point Y) 
the pressure is restored to its original level. In this 
manner, the heat transfer process is synchronized with the 
molding operation for optimum results, while avoiding undue 
cooling during those portions of the mold cycle when the mold 
is open* 

Fig. 3 affords a schematic illustration of a 
passive heating system 110 that utilizes the same basic 
operational principles as the passive cooling system 10 of 
Fig. 1. As before, the passive heating system 110 is 
utilized for thermal control of a mold 11 used for molding 
articles of plastic or like material, mold 11 including fixed 
and movable mold halves 1 2 and 13 affording one or more mold 
cavities 16 into which plastic is fed through appropriate 
passages 17, the mold actuation mechanism being indicated 
only by the piston rod 15 for mold half 13. Again, the mold . 
is provided with multiple internal passages 18 and 19; in 
this instance the passages are utilized to heat the mold. 

A heat exchanger 120 is included in system 110, 
Fig. 3 r and includes an internal coil 121 having an inlet 122 
and an outlet 123. The outlet- 123 is connected to a heater 
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125 in a conventional heating apparatus 124 that also 
includes a pump 126 connected back to the inlet 122 of coil 
121. Heat exchanger 130 functions as an evaporator in system 
110. Accordingly, the closed system comprising heating 
apparatus 124 circulates hot water or other heating fluid 
through coil 121 in evaporator 120. 

The controls for heat exchanger 120 may be the same 
as in the previously described system, comprising a vent 
conduit 36 connected to a pump 37. In this instance the 
10 outlet of pump 37 is connected to a storage vessel or 

accumulator 138 rather than to the atmosphere. Accumulator 
138 is connected to a solenoid actuated valve 41 in an inlet 
conduit 39 returned to the interior of evaporator 120. 
Pressure control is provided by a pressure sensor 42 and 
controller 43 with the controller 43 actuating pump 37 and 
valve 41. Controller 43 may also be used to control 
operation of heating apparatus 124. Evaporator 120 is 
partially filled with a heating fluid 130, in its liquid 
state, to an upper level 131. Fluid 130 may be water, a 
20 commercial refrigerant, or other fluid. 

An inlet conduit 132 connects heat exchanger 120, 
from a point substantially above the liquid level 131, to the 
upper ends of the vertically extending mold passages 18 and 
19 in mold 11. A valve 133 may be interposed in the inlet 
conduit 132 with a small pump 134 in parallel with the valve. 
A return conduit 135 connects the lower ends of mold passages 
18 and 19 back to heat exchanger 120. Heat exchanger 120, 
conduits 132 and 135, and mold passages 18 and 19 afford a 
closed loop, as in the previous embodiment. 
30 When system 110 is placed in operation, hot fluid 

from heating apparatus 124, passing through coil 121, heats 
the heat transfer fluid 130 in evaporator 120, vaporizing an 
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appreciable por^R>n of the heat transfer flui^P Pump 134 may 
be utilized at the outset to assure purging of conduits 132 
and 135 and .mold passages 18 and 19. In normal operation 
pump 134 is shut off and valve 133 is open. The control 
comprising pump 37, valve 41, sensor 42 and controller 43 
establishes a predetermined pressure in the system, as 
before. Accumulator 138 merely serves as storage for excess 
heat transfer fluid 130. 

System 110 functions on the same basis as system 10 
except that it is employed for heating of mold 1 1 instead of 
cooling of the mold, with the heating effect based upon 
condensation of fluid 130 from its vapor state to its liquid 
state. The closed loop comprising the mold passages 18 and 
19 is filled with hot heat transfer fluid 130 in its vapor 
state at a predetermined pressure. At any portion of the 
mold passages 18 and 19 below the condensation point for the 
gaseous heat transfer fluid, condensation occurs. Most 
condensation occurs at the critical portions 1 8A and 1 9A of 
the internal mold passages. The condensed heat transfer 
fluid drains, by the effect of gravity, back through return 
conduit 135 into exchanger 120. There is no need for active 
pumping of hot gas through the closed loop comprising the 
evaporator and the mold passages; by maintaining the system 
at a substantially constant pressure, the hot gaseous heat 
transfer fluid quickly refills the mold passages, replacing 
the gas that has been condensed. Thus, in system 110 as in 
system 10 the basic circulation is that afforded by the 
effect of gravity based upon a change of physical state of 
the heat transfer fluid within the passages of mold 11 used 
for cooling or heating purposes. 


1251612 

On, 

For system 110, as for system 10, it may be 
desirable to Vary the closed loop pressure synchronously with 
the molding cycle. That is, controller 43 may be programmed 
to increase the pressure in the loop 120, 132, 18, 19, and 
135 shortly prior to filling of cavity 16 in mold 11, with a 
decrease to an initial pressure level to coincide 
approximately with opening of the mold. The pressure/time 
characteristic would thus be the reverse of that shown in 
Fig. 2. In both cases, of course, a timing input (not shown) 
10 to controller 43 may be necessary from the mechanism 

actuating the mold. 

From the foregoing description of Figs. 1 and 3, it 
is apparent that the system embodiments of the invention all 
function in accordance with the same basic method, regardless 
of whether the mold is to be heated or cooled. Thus, for 
each temperature modification arrangement, the internal 
passages of the mold 11 are connected into a closed loop with 
a heat exchanger, the relative elevations of the mold in the 
heat exchanger being determined so that the heat transfer 
20 fluid tends to flow from the mold to the heat exchanger in 
response to the effect of gravity when the fluid is in a 
given physical state (vapor state for cooling, liquid state 
for heating). That closed loop is filled with a heat 
transfer fluid that changes from an initial physical state to 
the given physical state required for return to the heat 
exchanger in response to thermal conditions occurring in the 
critical portions of the mold passages; in both instances a 
reservoir of liquid heat transfer fluid is maintained in the 
heat exchanger. The heat exchanger itself is controlled to 
30 maintain a controlled pressure in the closed loop and to 

change the fluid back to the initial physical state required 
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for filling the closed loop at approximately the same rate as 
the fluid returns from the moid to the heat exchanger. This 
operational control may be effected by pump 37 and valve 41 , 
by control of the input to the heat exchanger coil, or by a 
combination of the two The loop pressure may be held 
constant, or it may be varied in synchronism with the molding 
cycle. 


10 


20 


30 
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CLAIMS; 

1. The method of modifying the temperature of a 
mold for molding articles of plastic or like materials, the 
mold including a plurality of vertically extending internal 
passages for a heat transfer fluid, the method comprising: 

A. connecting the internal passages of the mold 
into a closed loop with a heat exchanger, the relative 
elevations of the mold and the heat exchanger being such that 
a heat transfer fluid tends to flow from the mold passages to 
the heat exchanger in response to the effect of gravity when 
the fluid is in a given physical state; 

B. filling the closed loop, including the mold 
passages and the heat exchanger, with a heat transfer fluid 
that changes from an initial physical state to the given 
physical state in response to thermal conditions occurring in 
critical portions of the mold passages during operation of 
the mold, the fluid in the mold passages being in the initial 
physical state and the heat * exchanger containing fluid in 
both physical states when filling is completed; and 

C. controlling operation of the heat exchanger to 
maintain a controlled pressure in the closed loop and to 
change fluid in the heat exchanger from the given physical 
state back to the initial physical state at approximately the 
same rate as the fluid flows from the mold to the heat 
exchanger. 

2. The method of Claim 1, applied to a cyclically 
operated mold, in which in step C the pressure is adjusted 
cyclically in synchronism with the molding cycle. 
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3. The method of Claim 1, employed for cooling of 
the mold, in which the initial physical state is the liquid 
state, the given physical state is the vapor state, the heat 
exchanger functions as a condenser, and the heat exchanger is 
positioned at a higher level than the mold so that bubbles of 
vaporized heat transfer fluid rise through the return conduit 
to the heat exchanger. 

4. The method of Claim 3 in which water is used as 
the heat transfer fluid, 

5. The method of Claim 3 in which a Preon 
refrigerant is used as the heat transfer fluid. 

6. The method of Claim 2, including the additional 
step of pumping the heat transfer fluid through the closed 
loop in its initial state at a slow rate, insufficient to 
afford substantial cooling of the mold, to assure movement of 
vaporized heat transfer fluid back to the heat exchanger. 

7. The method of Claim 3, applied to cooling of a 
cyclically operated mold, in which in step C the pressure is 
adjusted cyclically in synchronism with the molding cycle to 
maintain a first pressure when the mold is open and a second 
pressure when the mold is closed, the second pressure being 
materially lower than the first pressure. 

8. The method of Claim 7 in which water is used as 
the heat transfer fluid. 

9. The method of Claim 7 in which a Freon 
refrigerant is used as the. heat transfer fluid. 
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10. The method of Claim 7, including the 
additional step of pumping thes heat transfer fluid through 
the closed loop in its initial ^tate at a slow rate f 
insufficient to afford substantial cooling of the mold, to 
assure movement of vaporized heat transfer fluid back to the 
heat exchanger. 

11. The method of Claim 1, employed for heating of 
the mold, in which the initial physical state is the vapor 
state, the heat exchanger functions as an evaporator, and the 
heat exchanger is positioned at a lower level than the mold 
so that condensed liquid heat transfer fluid drains back into 
the heat exchanger, by gravity, through the return conduit. 

12. The method of Claim 11 in which water is used 
as the heat transfer fluid. 

13. The method of Claim 11 in which a Freon 
refrigerant is used as the heat transer fluid. 

14. The method of Claim 11, applied to heating of 
a cyclically operated mold, in which in step C the pressure 
is adjusted cyclically in synchronism with the molding cycle 
to maintain a first pressure when the mold is open and a 
second pressure when the mold is closed, the second pressure 
being materially higher than the first pressure. 

15. The method of Claim 14 in which water is used 
as the heat transfer fluid. 

16. The method of Claim 14 in which a Freon 
refrigerant is used as the heat transfer fluid. 
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17. A passive cooling system for cooling a mold 
for molding articles of plastic or like material without 
substantial pumping, the mold including a plurality of 
vertically extending internal passages for passing a cooling 
fluid through the mold, the system comprising: 

a condenser heat exchanger partially filled with a 
supply of cooling fluid in a liquid state, the cooling fluid 
constituting a fluid which changes from its liquid state to 
its vapor state in response to temperatures occurring in 
critical portions of the mold passages during operation of 
the mold, the heat exchanger being positioned so that the 
upper level of liquid fluid in the heat exchanger is 
approximately at or above the top of the mold; 

an inlet conduit connecting the heat exchanger, 
from a point below the upper level of the fluid, to the 
lower ends of the mold passages; 

a return conduit connecting the upper ends of the 
mold passages back to the hfeat exchanger; 

the heat exchanger, the mold passages, and the 
inlet and return conduits constituting a closed loop; 

and control means for controlling operation of the 
heat exchanger to maintain a controlled pressure in the loop 
while condensing vaporized fluid back to its liquid state as 
the fluid returns from the mold to the heat exchanger. 

18. A passive mold cooling system according to 
Claim 17 in which the cooling fluid is water. 

19. A passive mold cooling system according to 
Claim 17 in which the cooling fluid is a Freon refrigerant. 
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20. A passive mold cooling system according to 
Claim 17 in which one of the inlet and return conduits 
includes pump means for circulating the cooling fluid through 
the closed loop at a slow rate, insufficient to afford 
substantial cooling of the mold, to assure movement of 
vaporized cooling fluid back to the heat exchanger. 

21. A passive mold cooling system according to 
Claim 17 in which the heat exchanger control means 
comprises: 

pressure sensing means for sensing the pressure in 
the closed loop; 

first and second inlet/outlet conduits for the heat 
exchanger, one including a control pump and the other a 
control valve? 

and controller means, connected to the pressure 
sensing means, for actuating the control pump and the control 
valve in response to variations in pressure in the closed 
loop. 

22. A passive mold cooling system according to 
Claim 17 in which the heat exchanger includes an internal 
coil and the heat exchanger control means comprises: 

pressure sensing means for sensing the pressure in 
the closed loop; 

chiller apparatus for circulating a chilled heat 
transfer fluid through the heat exchanger coil; and 

controller means, connected to the pressure sensing 
means, for adjusting operation of the chiller apparatus in 
response to variations in pressure in the closed loop to 
maintain a constant pressure. 


23. A passive mold cooling system acording to 
Claim 17, applied to a cyclically operated mold, in which the 
control means includes means for actuating the heat exchanger 
to vary the loop pressure in synchronism with the molding 
cycle. 

24. A passive heating system for heating a mold 
for molding articles of plastic or like material without 
substantial pumping, the mold including a plurality of 
vertically extending internal passages for passing a heating 
fluid through the mold, the system comprising: 

an evaporator heat exchanger partially filled with 
a supply of heating fluid in a liquid state, the heating 
fluid constituting a fluid which changes from its vapor state 
to its liquid state in response to temperatures occurring in 
critical portions of the mold passages during operation of 
the mold, the heat exchanger being positioned so that the 
upper level of liquid fluid* in the heat exchanger is 
approximately at or below the bottom of the mold; 

an inlet conduit connecting the heat exchanger, 
from a point above the upper level of the fluid, to the 
upperends of the mold passages; 

a return conduit connecting the lower ends of the 
mold passages back to the heat exchanger; 

the heat exchanger, the mold passages, and the 
inlet and return conduits constituting a closed loop; 

and means for controlling operation of the heat 
exchanger to vaporize fluid from the liquid supply in the 
heat exchanger to maintain the conduits and the mold passages 
filled with fluid vapor at a substantially constant 
pressure. 
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25. A passive mold heating system according to 
Claim "24. in which the heating fluid is water. 

26. A passive mold heating system according to 
Claim 24 in which the heating fluid is a Freon refrigerant. 

27. A passive mold heating system according to 
Claim 24 in which the heat exchanger control means 
comprises: 

pressure sensing means for sensing the pressure in 

the closed loop; 

first and second inlet/outlet conduits for the heat 
exchanger, one including a control pump and the other a 

control valve; 

and controller means, connected to the pressure 
sensing means, for actuating the control pump and the control 
valve in response to variations in pressure in the closed 
loop to maintain a constant pressure. 

28. A passive mold heating system according to 
Claim 24 in which the heat exchanger includes an internal 
coil and the heat exchanger control means comprises: 

. pressure sensing means for sensing the pressure in 

the . closed loop; 

heater apparatus for circulating a heated heat 
transfer fluid through the heat exchanger coil; and 

controller means, connected to the pressure sensing 
means, for adjusting operation of the heater apparatus in 
response to variations in pressure in the closed loop to 
maintain a constant pressure. 



29. A passiv mold heating system according to 
Claim 24, applied to a cyclically operated mold, in which the 
control means includes means for actuating the heat xchanger 
to vary the loop pressure in synchronism with the molding 
cycle. 
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